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yl'[paBJIEHI/Ie AUCTAHIIMOHHOTO O6y‘{EHI/IH W NMOBbIIIEHHU A KBHJTI/I(l)I/IKaLU/II/I

Lindposasi 0bpaboTka curHanos

BBEAEHME

Ycnexu HHTerpaibHOM TEXHOIOTHH U(POBBIX CXEM, a TAKXKE Pa3BUTHE
HOBBIX METOZIOB aHaJIN3a U CHHTE3a YCTPOMCTB IU(POBOH 00pabOTKU CHrHa-
JIOB TTO3BOJIIUIM 32 TOCJIETHEE BpeMs BBITECHHUTH M3 IEJIOTO psAa MpHIIoXKe-
HUM TPaguIMOHHYIO aHAJIOTOBYIO TEXHHKY 00paboTkm curHanoB. K Takum
00J1acTsIM OTHOCATCSI paINOJIOKAIINs, TCIEBUACHUE, PaJOBEIIaHue, TeIedo-
HUS, CeTH U TEICKOMMYHHKAIIMH, CPEICTBa MyIbTHMEANa, 00paboTKa pede-
BBIX CHUTHAQJIOB, pAaclo3HaBaHWe o0Opa3oB, YIPaBICHUE TEXHUUECKHUMHU
YCTPOMCTBAMU M TEXHOJIOTMYECKUMH MPOLIECCaMH, MOJAEINPOBAHUE BHPTY-
aJIbHOW peaibHOCTH | T. 1. [IpuBIeKaTEIbHOCTh YCTPOUCTB 1M pOBOI 0Opa-
OOTKHM CHI'HAJOB OTpEJesieHa MX BBHICOKMMH BO3MOXKHOCTSIMH 110 TOYHOCTH
peanu3anyy 3aJaHHBIX aJTOPUTMOB 00paOOTKU CHTHAJIOB.

VYcrpoiicTBa udpoBoi 00padOTKH CUTHAIOB OTHOCATCS K JUCKPETHBIM
cucremam. Cpeqt yCTpOMCTB MUPPOBOH 00pabOTKH CHTHAJIOB IITHPOKOE pac-
NPOCTpaHEeHUe MONy4YWiIn LUdpoBbie GWIBTPH. B 3THX ycrpoiicTBax TOY-
HOCTh HaOOpa KO3(PUIIMEHTOB OMPEAENIACTCS JIUIIb YUCIOM Pa3psiIoB pas-
psnHOit ceTku. B nudpoBbix QuibTpax MOXHO JIETKO W3MEHSTh Koddduiu-
€HTBI, U, CJIEIOBATENILHO, XapaKTEePUCTUKH (QUIBTPA, HE U3MEHSST CTPYKTYPbI
HaOopa, 9TO CO3AACT YHHKAIBHBIC BO3MOXKHOCTH OCYIIECTBICHHS aITOPHT-
MOB 00paboTku curHanoB. [[yisi pa3paboTYMKOB CO3/1AI0TCS CaMble IUPOKHE
BO3MOXKHOCTH JUIsl CHHTE3a NEepEeCcTpauBaeMbIX, alallTUBHBIX 1 MHOTO(YHK-
IIMOHAJIbHBIX (QUIIBTPOB.

Y4eGHOoe ocoOue HampaBICHO HA Pa3BUTHE y CTYACHTOB HABBIKOB IT0
aHaAMM3y IUCKPETHBIX (UIBTPOB 1-r0 W 2-TO TOPSAIAKOB, Kak Oa30BBIX
ycTpoicTB npoBoi prnpTpannu. B HEM mpuBeneHBI KpaTKHE TeopeTHde-

CKHEC CBCACHUS, BAPUAHTBI 3a11aHm71, a TaK)KE MPUMEP aHaJInu3a.

4



ynpaBJIEHI/Ie AUCTAHIIMOHHOTO O6y‘{EHI/IH W NMOBbIIIEHHU A KBaﬂI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

AVCKPETHbIE ®WUJ1bTPbl

Pa3HOCTHbIe ypaBHEeHUSs
M UMNYJIbCHbIE XapaKTEpPUCTUKMN

JuckperHble GUIBTPHI OTHOCATCS K JIMHEHHBIM AUCKPETHBIM CUCTEMaM
C NOCTOSHHBIMM Tapamerpamu. Ecnmu mpeneOpeub addexraMm KBaHTOBaHHUS
BXOJIHBIX CHUTHAJIOB, KO3()(UIMEHTOB U pe3yJIbTaTOB ONEpalui, TO TEPMHH
"MUCKpeTHbIe (UIBTPHI" MOXKHO NPUMEHSTh M JJs HU(POBBIX (QHUIBTPOB,
AJITOPUTMBI KOTOPBIX peaH3yloTcs MO0 B yHHBepcaldbHBIX DBM, nmmbo B
CIICIIMATTM3UPOBAHHBIX LIU(PPOBIX BBIYUCIHTEISAX.

Kak s 1r000# JUCKPETHOW CHUCTEMBI U JHCKPETHOTO (HIbTpa

CIIPaBEUIUBO BBIPAXKEHUE OUCKPEMHOU C8epMKIL

Yn = Z han—k !
k=0

rae yn — OTCYCTHI BBIXOJJHOT'O CHUT'HAJIA, Xn—k — OTCYCTHI BBIXOAHOT'O CUT'HA-
JIa, 3aJICP’)KaHHbIC Ha k NEepruoaA0B JUCKPETU3AIUH, hk — OTCYEThI UMITYJIbC-

HOM XapaKTEpUCTHUKHU.
Eme oqHuM ypaBHEHUEM, CBSA3BIBAIOIIUM BXOJHBIE U BBIXOAHBIE OTCUE-

ThI IUCKPETHOT'O (I)I/I.]'II:Tpa, ABJACTCA pA3HOCMHOe ypaeHernue

N N
Yn= Zblxn—i _zai Yn—i
i=0 i=1

rze a;, by — koapdunmentsr GpunbTpa; X, Yni — OTCUETHI BXOJAHOTO M BBIXOI-
HOTO CHUTHAJIOB, 33JIep KaHHbIe Ha | MEPUOA0B qucKperusanuu; N — mopsaok
¢mbTpa.

PasHocTHOE ypaBHEHHE MTPEACTABISET aNTOPUTM U(poBoro GpumbTpa.

HmnynvcHoti xapakmepucmuxotl TACKPETHON CHCTEMBI Ha3bIBAETCS pe-



praBJIGHI/Ie AUCTAHIIMOHHOTO O6Y'{EHI/IH W IIOBbBILIEHU A KBaﬂI/I(l)I/IKaLU/II/I
LUndposas obpaboTka curHanos

aKIys CUCTCMBI HA CUTHAJI TUIla a'I/IMHyJ'ILC
5,={1,0,0, .., 0, ..}

IIpU HYJIEBBIX HAYAJIbHBIX YCIIOBUIX.
OtcueThl I/IMHyJILCHOﬁ MOCJICA0BATCIIBHOCTU MOXKHO IOJYYHUTh, IOAa-

Bas Ha BXOJ[ TUCKPETHOMN CUCTEMBI O-UMIYJIbC (PUCYHOK 1).

6, | AnckpeTHbiit h,
dbunbTp

Pucynok 1 — [lonyyeHne uMnyabCHOM XapaKTEpUCTUKU

B 3aBucuMoOCTH OT BHZA UMITYJIbCHON XapaKTEePUCTUKH (PUIBTPBI MOJ-
paznersioTes Ha [1]:

— wIbTpel ¢ OECKOHEYHOH HMITYJIBCHOH XapaKTEpPHCTHKOM, peKyp-
cuBHble i BUX-GuisTpsr,

— Ha QWIBTPHI C KOHEYHON MMITYJIBCHOM XapaKTePUCTUKOM, HEPEKyp-
cuBHble wi KUX-GunbTpsl.

it BUX-(punbTpoB pasHOCTHOE YpPaBHEHHE HMEET BH/T

N N
Yn =D biXn i =2 &yni’ b
i=0 i=1
a uist KUX-duiprpos —
N
Yn =D BiXni- (2)
i=0

Jlis pacueTa IMITyTBCHOM XapakTePUCTUKU I (PUIBTPOB BTOPOTO IO-
PsSiIKa MOYKHO BOCITONIB30BaThCA (OpMYIOi

2

h, = Zhi,n ! 3)

i=0



—h

ynpaBJIEHI/Ie AUCTAHIIMOHHOTO O6quHI/IH W IIOBbBILIEHU A KBaJTI/ICl)I/IKaLU/II/I
LUndposas obpaboTka curHanos

i sin((n+1—i)(p*)

— , N=ii+1i+2,.
sing

P, =h (r*)

I/IMHyJ'ILCHaH XapaKTCpUCTHKa MOXKET OBITH TAKXKE omnpeaciiCHa HpHMOﬁ

I0JICTAHOBKOH B Pa3HOCTHOE yPaBHEHHE
Yn =BoXn + 01Xy 1 +0oXy 2 —81Yn 1 —@Yn 2, N=012, (4
BXOOHOTI'O CUTrHaJ1a — € AUHUYHOI'O HMHyﬂBCa
X, =3, =11,0,0,...0, ..} (5)
B stoM cniyuae
hg=Yo=by,
by =y =Dy -a;yo=by - asby, (6)
hy =y, =by -agy; - a,y9 =, - a1 (by - a4y ) - &l
hi =-a1¥i.1 - @Yi.p, 123.

MepepaTtouHble hyHKLMM

Hepeoamounou gynxyueti H(Z) ¢uibTpa (pUCYHOK 2) Ha3bIBaeTCs

OTHOIICHHE Z'Hp€06p330BaHI/I5{ BLIXO,E[HOﬁ oCJICA0OBATCIBHOCTH K Z-

npe06pa3OBaHmo BXOZ[HOﬁ HOCHGHOBaTeHBHOCTeﬁ IIpHU HYJEBbIX Ha4YaJIbHBIX

YCIIOBUSIX:
H(z)= 2t _Y(@).
Z{x} X()
XD ) wp 1O

Pucynoxk 2 — JIuckpetHsiii puibTp

Ilepenatounyro  QyHKIMIO MOXHO  IOJNy4UTh, NPUMEHHB  Z-

npeoOpa3oBaHKe K Pa3HOCTHOMY YPaBHEHHMIO TUCKPETHOTO (HUIIbTpA!
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» ynp’dBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

N )
Yz (7)

CTpYKTYpbl ANCKPETHbIX (hUIbTPOB

PasHOCTHBIE ypaBHEHHS HETIOCPEACTBEHHO OIPEIEISIOT CTPYKTYpPY
rdpossix GunbTpoB [2].
PasHoCcTHOMY ypaBHEHHIO COOTBETCTBYET CTpykTypa LD B npamoi

@opme. PazHOCTHOMY ypaBHEHHIO 1-r0 HOpsiIKa
Yo =boxXy +bxp g — @y, n=012,...
COOTBETCTBYET CTPYKTypa peau3aliiy B IpsMoii popMe (PUCYHOK 2, a).
PasHOCTHOMY ypaBHEHHIO 2-TO MOPsAKA
Yn = bOXn + blxn—l + bzxn—z & Y1~ R Y2
COOTBETCTBYET CTPYKTYpa peasiu3anuu B npsamoit hopme (pucyHok 2, 6).

CTpyKTypHBIE CXeMbl HEpeKypcHBHBIX L@ xXapakTepHBl HaTUYHEM

TOJIBKO TIPSIMBIX CBS3€Hl U OTCYTCTBHEM OOPATHBIX (PHCYHOK 2, B).

a— BUX-¢unstp 1-ro mopsaka; 6 — BUX-dunetp 2-ro mopsaka;
B — KUX-pmieTp 2-ro mopsaka
Pucynok 2 — Ilpsmas popma CTpYKTyp AMCKPETHBIX (IIBTPOB

PasznocTtHOE YpaBHCHUC 2-10 nopgaaka



ynp’dBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

Yn= bOXn +B X + 0% o — &Y —8Yn o
MO’KHO MTPEICTABUTH B BHIE [2]
Vn =Xn —&Vna —8HVn2s (8)
Yn =Bovy + by + by o
Cucrema ypaBHEHHH OMMUCHIBACT KaHoHUuueckyro cmpykmypy 1 1P 2-ro

nopsiaka. Eif COOTBETCTBYeT KanoHuueckas cmpykmypa I (pUCyHOK 3).

Vn
Xn @ > by Yn
Z—l
V-
“a, [ "l ylp,
Y
Z—l
Vo
A, N2 !,

Pucynok 3 — Kanonuueckas ctpykrypa 1 1®

AHaJIOTUYHBIA BHUJI UMEIOT CTPYKTYPBI MEHBIIETO (IIEPBOTO) U OOJIbIIIE-
ro nopsiakoB. CTPYKTypy Ha3bIBalOT KAHOHUYECKOH, TOCKOJIBKY OHA CACPIKUT
MHHHUMAaJIBHOE KOJIMYECTBO 3JIEMEHTOB MaMSTH.

IIpencraBum pazHoctHoe ypaBHeHHe PD 2-ro nopsinka

Yn =boXy +Py Xy 1 +boXn_o —a1Yq_1 —@Yn_2
B BHUJIE
Yn =boXy +vn g ©)

e V-1~ 3aaCpKaHHas HA 1 HWHTEPBAJI TUCKPETU3ATNN TTOCICA0BATEIb-

HOCTH
Vn = b.LXn — Y, t dn—l (10)

Hocnenosarensrocts d,_; B (10) — o710 3anepkannas Ha 1 uutepsan

JUCKPETU3ALIU TOCICA0OBATCIbHOCTD



praBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaﬂI/I(l)I/IKaLU/II/I

LUndposas obpaboTka curHanos

dn =bX, —ayy, (11)
HetictBurensHo, moacrasus (11) B (10), a 3atem B (9), momydunm ucxo-

HoOe pa3HOCcTHOE ypaBHeHHe PD 2-ro mopsiaka.
Cucrema ypapuenuii (9) - (11) onuceIBaeT kaHoHUuECKyI0 cmpykmypy 2

P® 2-ro nopsinka, mnokazaHHYIO Ha pUCYHKE 4.

Xn
by

Yn

A
\

Pucynok 4 — Kanonuueckas ctpykrypa 2 PO

CTpyKTypa COAEPIKUT MHHIMAIFHOE KOJIIMIECTBO JIIEMEHTOB 3a/ICPKKH.
AHAJIOTHYHBIN BHA HMEIOT CTPYKTYPBI MEHbBIIETO (IIEPBOTO) M OOJNBIIEro
TIOPSI/IKOB.

PekypcuBHBIC QUIBTPBI BHICHINX MOPSAKOB CTPOST, KaK MPABUIIO, B BHU-
Jie KacKaaHo# cTpyKTyphl. [IpeacraBum nepenatounyro dhyHkimio (7) B BHIC

Nil bz
H(2)=—50—— = [TH;(2)’

N-1
1+ Y az " =
k=1

=

rae Hi ( z) - mepeaarounsie GyHKIuU PD 1-ro mwim 2-ro mopsakoB, peaiu-

30BaHHBIE, B CBOIO OYepelb, B BUJE MPSMON MM KaHOHHUYECKOH CTPYKTYD.
Takoe mpexacrasienne H(Z) cOOTBETCTByeT MOCIIENOBATENRHOMY COCIHHE-

HUIO R pekypcuBHBIX GUIBTPOB |-TO MM 2-TO MOPSAKOB.

10



ynp’dBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

Pucynok 5 — Kackagnas ctpykrypa P® 3-ro nopsnka

Ha pucynke 5 nokazana xackagHasi ctpyktypa P® 3-ro mopsnka. Ona
HpeICTaBIsIeT co00il mocne0BaTeIbHOE CoeIMHeHNE GUIbTPa 2-T0 MOpsIKa
u Gunbrpa 1-ro mopsaka. Kaxaplii n3 GUIbTpOB peann3oBaH B BHJE KaHO-

HUYECKOH CTPYKTYPBI.

Monrocbl U HYNN NepefaTovuHOn (PyHKLUKN

[Ipn anamm3e OUCKPETHBIX (QHUIBTPOB MMEET 3HAYECHHUE OIpEeIICHUE
TIOJIO>KEHHS TIOJIFOCOB | HyJIEH NepeaaToYHoN QYHKINHU B Z-TIIIOCKOCTH.

ITomoc — 3TO KOpeHb MONMHOMA B 3HAMEHATENE, a HyJlb — KOPEHb MO-
JIMHOMA B YHUCJIMTCIIC HepeHaTOHHOﬁ (byHKI_II/II/I Ecnu nonuaoM nmeet BCIIC-
CTBCHHBIC KOI)(I)(i)I/ILII/IeHTLI, TO €ro KOpHU MOryT GBITI) BCHICCTBCHHBIMH
I/I/I/IJ'II/I KOMIIIEKCHO-COTIPSAXKCHHBIMU.

IIpu onpeneneHum 3HaYEHUI HYJIEH U MOJIOCOB B Z-IUIOCKOCTH LIEJIECO-
00pa3Ho mpeobpa3oBaTh NepeAaTouHyo (QYHKIHUIO K BHIY 0e3 oTpHLaTeNb-
HBIX CTENEeHEeH Z.

TTonMHOM BTOpO# CTETIeHN 72 4+ az+a, nMeer 60 2 geuyecmeenHvlx

KOpHsl TIpH \/alz —4a, >0



praBJIeHI/Ie AUCTAHIIMOHHOTO O6y‘{EHI/IH W NMOBbIIIEHHU A KBaﬂI/I(l)I/IKaLU/II/I

Lindposasi 0bpaboTka curHanos
60 2 KOMNIEKCHO-CONPANCEHHBIX KOPHS TIPU ,312 —4a, <0

7 5 =re™1?

rac
r=, /az , p=arccos(ay /2r).
I[eﬁCTBHTeHBHO, €CJIN PA3JIOXKUTH IMOJIMHOM Ha IIPOCTBIE MHOKUTEIIN, TO

TIOJTYIHNUTCA

22 +ayz+ay =(2-21)(2-2,)=(z-rel?)(z-re”1%) =
=72 - 2rcos gz + r2

Bba3oBblii pekypcuBHbBIii GuabTp 1-ro nopsiaka. [Ipeobpasyem k BU-

ny, 0e3 OTpHIaTeJIbHBIX CTEHEeHEeH Z H(z)=z /( Z+ay)- IlepenaTounas

(I)YHKI_II/HI HUMCCT OAUWH HYJIb B TOYKC Z?_ =0 ¥ OJHMH IIOJKOC B TOYKE

zI =—a, - Ha puc. 2 u306paxeHbl KapTel Hylell U MOIOCOB QHUIbTPA B Z-

miockocTh ipu @y <0 m gy >0.

Pucynox 2 — Kapter Hyneit u nomocoB 6azoBoro PO 1-ro mopsiaxa

PexypcuBnblii puabTp 1-ro nopsaka. [{is onpeneneHus Hyjael u no-
JIIOCOB TIpeoOpa3yeM MepenaTounyro QYHKIHIO peKypCcuBHOTO GuibTpa 1-ro

MopsiZIKa K BUIY, 0€3 OTPHUIATEIBHBIX CTETICHEN Z

(@)= by 22000

2+

Mepenarounas ¢yukims H(z) umeer oauH HyIb B TOUYKE z&) =b /by H

*
OJIMH ITIOJIFOC B TOYKEC Zl = —al.

12



praBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaﬂI/I(l)I/IKaLU/II/I

Lindposasi 0bpaboTka curHanos

Ha puc. 3 m3o0paxxena kapTa HyJsei u nomocos ¢uisrpa npu b, = 0.2,

bl =- 02, a = 0.8.

Pucynox 3 — Kapra Hyneit u nomocos P® 1-ro nopsaka

Ba3oBblii pekypcuBHbIH GUIABLTP 2-10 nopsiAKa. PaccMoTpuM citydaid

KOMIUIEKCHO-COTPSDKEHHBIX NOII0coB. [lepenarounas GpyHkums

2
H(2) = 1 B z

1+ alz‘1 + azz‘2 2% + yZ+ay

* * LiF
umeet 21Ba HYNIS! B TOUKe ;0 _o M JBa NOMIOCA 7y 5 = [ etl? | rne

* * *
r :./az 1 @ =arccos(ay /2r )-
Ha pucynke 4 m3o0pakeHa KapTa HyJeW W IMONOCOB (WIbTpa B Z-

wiockoctd  npu  a;=-0.8, a,=0.64. Ilpm sTOoM r=064=08,

go* =arccos(0.8/2-0.8) =x/3-

Pucynok 4 - Kapra Hyneit u momocos 6a3oBoro P® 2-ro nmopsaka

PexypcuBnblii ¢puabTp 2-ro mopsinka. PaccmoTpum ciaydail KoM-

IJICKCHO-CONPSAKECHHBIX MTOJIFOCOB. Hepe[[aTquaﬂ (l)yHKIII/IH

by + blz_1 + b;zz_2
H(2)= 1 -2
l+yz ~+ayz

* | " *
HMEET /1Ba TOJOCA 77 5 =T etI? o ay 0 :arccos(a1/2r*)-

13



N ynpaBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

Ba BCIICCTBCHHBIX HYJISA ZO u ZO OonpeCaACIAOTCA BhIPA)KCHUEM
1 2

rie 0 = fo, /by r ¢° =arccos(—by /2,/byb; ) -

Ha pucynke 5 m3oOpakeHa KapTa HyJedl W IOJIOCOB (uiibTpa B Z-

IUIOCKOCTH TSI IBYX CITy4acs.
a) b,=0.2, b;=0, b,=-0.2, 2,=0.9, a, = 0.81 (sewecmesennvie nyu,).
B stom ciiyuae Zf =1 Zg -1, ZI,z - r*eijco*’ =09, ¢ =27/3.
b) by=b,=b,=02, a,=-06, a,=0.36 (KOMNIEKCHO-CONpAIICEHHbIE HY-
).

0 * * [P * *
B s1OM ciyqae 2(1312 =1.e517 o0 =27/3, Z,=r efl? " =06, ¢ =x/3.

Pucynox 5 — Kapter Hyneit u nomocoB PO 2-ro nopsinka

YCTOMUMBOCTb ANCKPETHbIX (PUIbTPOB

JuckperHblii GuiIbTp Ha3bIBAE€TCSl YCTOMYMBBEIM, €CIIH MPU MPOHU3BOJIb-

HbIX HaYaJIbHBIX YCJIIOBUAX PCAKIUA yn Ha J100oe OrpaHUYCHHOC B03ﬂeﬁ-

cteue X, TaKKe OrpaHMYEHA, T.e. €CIH max|x,| <R, TO rze

max|y,|<Ry>

Ry, Ry <oo*

14



ynpaBJIEHI/Ie AUCTAHIIMOHHOTO O6y‘{EHI/IH W NMOBbIIIEHHU A KBaﬂI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

Kpumepuem ycmotivusocmu Ouckpemnozo @urvmpa sBisercs adbco-
JIFOTHAsI CXOIUMOCTE Psijia OTCYETOB UMITYJIbCHON XapakTepUCTHKH [2]:

o0

2 [ | <o =
k=0

ﬂeﬁCTBI/ITeﬂLHO, €CJIM NpEACTaBUTh yn B BUJC CBCPTKH BXOJHOI'O CUTI-

Hajla ¥ IMITYJIbCHOHM XapaKTepUCTHUKI

Yn = Z han—k l
k=0

TO

Val =] 22 Xk | < 2 X < Ry 2 |
k=0 k=0 k=0

otkyna cienyer (12).
CyliecTByeT ApYyroi KpUTepHid YCTOMYMBOCTH AMCKPETHOTO (HILTpA:
BCE noaioca nepedamoutol GyHKyuu O0IHCHbL HAXOOUMbCA 6HYMPU eOUHUY-

HO20 Kpyea z-naockocmu (PUCYHOK 6), T. €.

z¢| <1 (13)

A=W
NI

E

Pucynok 6 — IloscHeHue kpuTepus yCTONYUBOCTH

o0
JeHCTBUTENBHO, TaK KaK H (2)= Z hk Z_k [2], To MOXHO TTOTYYHTH

k=0
|H(z)|:‘i hz ¥ < i|hk|‘z’k‘ (14)
k=0 k=0

HomycTtum, uTto ‘Z—l‘ <1, T.e. |z| >1. Torma ‘Zik‘ﬁl W W3 BBIPAKECHUS

15



praBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaﬂI/I(l)I/IKaLU/II/I

Lindposasi 0bpaboTka curHanos

(14) nony4um
[H(@)[< > [h]
k=0

Jliist yeroitunBoro (hHIbTpa AOJKHO BRIONHATECS ycnosue (12), T. e.
o0
H@| S || <0
k=0

CrnenoBarenbHo, H(z) nomkHa OBITh KOHEYHAa BO BCEX TOYKaX Z-

*
nnockocTy, rae [z| > 1. Ouesunno, 4to B Momoce (npu Z = Z) ) H(z)=co.

Otciona cieayer, 4To nepeAaTovyHas (QyHKIMs He JOJDKHA MMETh IMOJIIOCOB
Ha eIMHUYHOHW OKPYKHOCTU U BHE €€, T. €. JOJDKHO BBINOJHATHCS YCIIOBHE
(13).

OTMETHM, YTO:

— KUX-¢puneTp Bcerna ycrodums, Tak Kak ero MMIYJIbCHas XapakTe-
PHCTHKA UMEET KOHEUHYIO JTHHY (2).

— PexypcuBHBIIl QUIBTP yCTOWYNB, €CIIN YCTOHYUBBIM SBISIETCS] COOT-
BETCTBYIOIIEH eMy 0a30BbIi QHUIBTP. DTO OOBSICHAETCS TEM, UTO HYJIH Iepe-
JMaTo4HOM QyHKIMH (T. €. BU MOJUHOMA B YHACIIUTEIIC) HE BIIHSIIOT HA YCTOM-
YHBOCTh (DUIIBTpA.

Venosue (13) HakmagpIBaeT OrpaHHYCHHS HAa BENIHYHHY KOI(hHIMEeH-

TOB 3HAMEHATEJNS TIEPeJaTOUYHON QYHKIIMH peKypcUBHOTO GuibTpa (Tabmuma

1) [1].
Tabmmma 1 — Orpanndenus Ha ko3ddunuentsr PO
DunbTp Kos¢pdunuenr a; Koadpunuenr a,
1-ro nopsiaxa |a1| <1 HET
2-T0 mopsIKa |a1|<2\/g<2 O0<a, <1

16



ynpaBJIEHI/Ie AUCTAHIIMOHHOTO O6quHI/IH W IIOBbBILIEHU A KBaJTI/ICl)I/IKaLU/II/I
LUndposas obpaboTka curHanos

YacToTHble XapaKTepUCTUKN AUCKPETHbIX (PUJIbTPOB

YacTOoTHOH XapaKTEpUCTUKOU i®) mUCKpeTHOro (puiIbTpa Ha3bIBa-
H(e

eTcsl OTHOUIeHUE NnpeoOpazoBanus Dypbe BBIXOJHOHN MOCIEA0BATENBEHOCTH K
npeobpasoBannio Dyppe BXOTHOH IOCIEIOBATENBHOCTH TIPH HYJEBBIX

Ha4YaJIbHBIX YCIIOBUAX

(o) = EOL3 Y() _YE*), (15)
F{Xn} X(e‘“’) X(ejan)
rIe f =f p | f - Hopmanu3oBaHHas yactoTa, f 4 - 4acTOTa AMCKPETH3ALHH.
YacrtotHas xapakrtepuctuka (UX) mpencrasisier coboii ko3 UIIHEHT

nepenaqy GuIbTPa Ul KaKAOTO 3HAYCHUS YaCTOThI ¢ ().

U3 cpaBuenus (15) u (7) BumHO, yto UX paBHa MepeaaTOYHON HyHKIHH
(bunbTpa, BBIYKCICHHON HAa EAMHHUYHON OKPY)XHOCTH Z-TUIOCKOCTH (Tpu
Z:eja):eﬂnf):

H(Ee®)= H(2)| (16)

z=el®

MoxHO YCTaHOBUTH CBA3b MCKAY 3HAYCHUAMU HOpMHpOBaHHOﬁ qacTo-

Tol f M COOTBETCTBYIOIIMM yIJIOM ¢ B z-1I0CKOCTH. [TockosbKy

el® —el27T o527 + jsin2zf =cos@+ jsin@=cose + jsing

TO
f=pl2r=0l27-

Ha pucynke 7 noxa3aHa CBsA3b TOYEK €AMHMYHOW OKPYKHOCTU U 4a-
CTOT:

—TOYKE 7=1=c0s0+ jsinQ COOTBETICTBYET f =0, @w=27-0;

—TOYKaM . Vd - V4 COOTBETCTBYIOT  § —

z=t]j =cos(i—j+ Jsm(izj Y f =+0.25,
o=+Z1
2

17



N ynpaBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

—TOUKe 7 = —1=c0s(+7)+ jsin(+x) COOTBETCTBYIOT f =40.5, w=+7x-

A

PricyHOK 7 — CBSI3b TOUEK eMHHIHOM OKPYKHOCTH H 9acTOT |

Ucnone3ys (16) MoxxHO 3anmcaTh oOiue GopMyIibl sl YACTOTHBIX Xa-

PaKTEPUCTHK AUCKPETHBIX (QDUIIBTPOB.

KUX-gunvmp:
N-1 .
H(j@)= Y bz ik )
k=0
BUX-punomp:
N-1 .
Z bk97J£Uk (18)
H(jo) =
1+ Y aeJok
k=1

Yacmomnas xapaxmepucmuka H(el®) - xommnekcHas ¢ynkuus. Ee
MOJKHO TIPE/ICTABUTh B BUIC
H(e!?) = Hge (61?) + jHim (€1?) = A(@)e 7).
Amnaumyono-wacmomnou  xapaxkmepucmuxoi (AUYX) HaszpIBaeTCsS

dhyHKIHSA

A(@):‘H(ej‘z’)‘:\/Hi 1)+ H? (1)
Dazo-yacmomnou xapaxmepucmuxoti (PUX) HazpiBaeTcs GyHKINA

Hlm(ej@) .

o(w)=arg(H (ej‘z’)) =arctan —
Hpe (')

18



YHpaBneHI/Ie AUCTAHIIMOHHOTO O6Y'{EHI/IH W IIOBbBILIEHU A KBaJTI/ICl)I/IKaLU/II/I
LUndposas obpaboTka curHanos

AYX ycranaBiMBaeT CBs3b MeXIy aMmmuuTyaamu, a DUX — mexny da-
3aMHU BBIXOIHOTO Y, U BXOJHOIO X CHIHau0B Quibrpa. Eciu
Xy = Ay, - COS(@n + @)
TO B YCTAaHOBHUBILEMCS PEXXKUME
Y = Ay - COS(@ON+ @, )1
rze
A = Py - A@) 1
Dovix = Pox + (0((?)) '
O6iue popmynsr AUX KUX- u BUX-punbtpos nonydatorcs u3 (17) u
(18):

N-1 2 (N1 2
Ay (@) = || D by cos(ak) +[Zbksin(a3k)J

k=0 k=0

2

[Nz_lbk cos(ak) 2 +[’\|Z_:1bksin(a3k)]

k=0 k=0

Ay (@) =

[Nzlak cos(ak) | + [Nzlak sin(a"zk)J

k=1 k=1

st Toro, 4TOOBI MPEACTAaBUTh YAaCTOTHYIO XapaKTepUCTUKY (HIIbTpa
WM CIIEKTPAJIbHBIN COCTaB JUCKPETHOH IMOCIEeI0BATENbHOCTH HE B Oe3pas-
MEpHBIX €IMHHUIIAX HOPMHPOBAHHON YAaCTOTHI, a B €IMHHUIIAX YAaCTOTHI, CBA-

3aHHOM C NepruoaOM AUCKPETU3aAlUN Td . B atoMm CjIydac MOJIb3YIOTCS COOT-

HOLIEHUEM ]ISl HOPMAJIU30BAHHON 4aCTOTBI
H (19)
w=2rxf 227Z'L=272'de
fg
T.C. o WIH f.
= f=—v
Ty Ty
Hanpumep, npu Tg=Imc=0.001c dHacTOTHas XapaKTepUCTHKA IEPHO-

JU4Ha C YacTOTOH JAUCKPETU3allUn fd — 1/10—3 —1000Hz » a

19



ynp’dBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

a):E:ZlOsﬂ ¢t
Ty

bazoBblil pekypcHBHBIN THCKpeTHBIH (MiIbTp 1-ro mopsnka. bazoBbiM
JMCKPETHBIM (QMIBTPOM 1-ro mopsika HasbiBaeTCsl (QUIBTP, OMHMCHIBACMBbIN

Pa3HOCTHBIM ypaBHEHHEM
Yn=Xn —@Vn-1, n=012,..
[IprmMeHuB z-ipeobpa3oBaHne K MPABON U JICBOH YaCTSIM, TIOTYIUM
Y(2)=X(z) -3z Y (2)-

CrenoBarensHo, iepeaaTovyHas GyHKuus GuibTpa UMeeT BU]

H@Z)=—t

1+ alz‘1

IIpu z =¢€ o II0JIy4a€M YaCTOTHYIO XapaKTEPUCTUKY

. 1
H(ja)):—_jw'
1+ae
AUX
. 1 ,
H(jo)|= -
\/(1+alcosa>) +agsin?o
OUYX
& sin
(o) =arctan— 2212
1+a cosw

Kak m3BecTHO, HEOOXOAUMBIM M JJOCTATOYHBIM YCJIOBHEM YCTOMYHBO-
CTH (UIBTpa SBISETCS PACHOIOKEHHE IIOJIOCOB IEPEAaTOYHON (QYHKINU
BHYTPH €JUHHUYHOTO Kpyra KOMIUIEKCHOH IutockocTH. st ¢umbrpoB 1-ro

MOPSIIKA 3TO 00ECIICUNBACTCS ITPH |a1| <1.

PexypcuBHbIii ¢punbTp 1-ro mopsaka. PasHocTHOe ypaBHEHHE HMeeT

BU/I:
Yn=boxn +bixXp_g —@ynq, n=012,...
11D
-1
l+az

20



» ynp’dBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

Yo:
H(jo) = oo
1+ae1®
AUYX:
N 2
AG) = I(bo +by cos@)? + (bysinw)”
(1+a cos&))2 +(aysin a"))2
DdUX:
o(&) =—arctan bySin© _ tarctan—23N@_
bg + by cosw 1+acosm
PexypcuBHBIM QUABTP 2-r0 Mopsaka. PasHOCTHOE ypaBHEHHE WUMEET
BU:

Yn =boXn +bixn g +boxn_p —@yng —a¥n_p, n=0,12,...

Nno:
-1 -2
H(z)=Y(Z) =b0+blzl +b222
X(2) 1+azt+ayz”
yXx
-j -j2e
L +be " +bye .
H(j@)=H(2) .w=b° bl; L
z=el” 1rae1? rae 1
AYX:
2
_ +by C0S@ + by c052)° + (by SN @ + b, sin 26 (20)
A(@) = 2
(1+ a4 COS @ + 8, C0520)° + (@ SN @ + 8 5iN 20)°
DUX:
(@) =—arctan by sinw +b, sin 2@ -+ arctan asin@+aysin2eo  (21)
bg + by cosw + b, cos 2w 1+ 8, cosw+ ay cos2m

Bun AYX u ®UX ¢unpTpa MOXKHO ONpEAETHTh IIyTeM pacdera Ha
3BM mo (20) u (21). Tlone3no 3uaTh, uto 3HaueHUss AUX jerko ompeness-
I0TCSl Ha TPAHMIAX OCHOBHO# mosockl yactoT (it =0 u @=7). U3 (20)
MOJTY4UM

by +by +b,

1+ +a

A(0) = ’ A(r) = o —by +by).
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ynpaBJIeHI/Ie AUCTAHIIMOHHOTO O6y‘{EHI/IH W NMOBbIIIEHHU A KBaJ]I/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

3AAAHUE HA NPOBEAEHUE UCCJTIEQOBAHUM

BeimonHuTh uccienoBanus GUIIbTpa, UMEIOLIETO MepeAaToYHy0 GyHK-
U0

H(2) = bo +blz‘1 +b22‘2 ,

l+az  +a,272

B COOTBETCTBHMM C IIPEJCTaBICHHON NIPOrpaMMON MCCIEI0BAaHUS U BApUAHTa-

MU 3aJlaHus, NpE€ACTaBJICHHBIMU B Ta6HI/IHe 2.

Mporpamma nccnenoBaHuim

1. 3amucath pa3HOCTHOE ypaBHEHHUE.

2. N300pa3uts CTpYKTYpy QUIBTpA.

3. PaccuuTarph 3HaY€HUS HYJEH U OJIIOCOB.

4. 300pa3uTth KapTy HyJIeH U MOTIOCOB

5. OueHUTh YCTOMYMBOCTH (PUIBTpA.

7. Paccunrath 10 OTCUCTOB MMITYJIBCHOM XapaKTePUCTUKU 1O (GopmyIie
(3) wim mo pasHocTHOMY ypaBHeHHO (4)-(6).

8. M300pa3uth rpaduk uMmyabcHON xapakrepucTuku (10 oTcueTos).

9. 3amucath HOpPMyITy YACTOTHOMN XapaKTECPUCTHKH.

10 3amcates popmymy AUX.

11 Paccumtath 3HaueHms AUX Ha uwactotax =0 (f =0), &o=x
(f‘ :05) u f =f",rae f* - yacTora, COOTBETCTBYIOLIAS YTy q)*, Ha KO-

TOPOM PACIIOJIOKEH MOJIOC B Z-TNIOCKOCTH.
12. BBITOTHNTS HOPMUPOBKY IepeAaTOuHON QyHKINU QuibTpa.

13. Hoctpounts rpaduk AUX ¢unbTpa Ha WHTEpBAIEe HOPMUPOBAHHBIX

22



N yl'[paBJIEHI/Ie AUCTAHIIMOHHOTO O6y‘{EHI/IH W NMOBbIIIEHHU A KBHJTI/I(l)I/IKaLU/II/I

Lindposasi 0bpaboTka curHanos

qacToT &)6:[0,7[]-
14. IToctpouts rpadux AUYX ¢unabTpa Ha HHTEPBAJE YacTOT f < [0, 4]

15. Inst GuasTpOB MEPBOTO MOPSIKA TOTYIUTH 3aBUCUMOCTH HOPMHPO-

BaHHOM YaCTOTHI cpe3a PUabTpa OT KO3 GHUIMEeHTA a

BapuaHTbl uccnegoBaHum

Tabnuna 2. Bapuantel 3amanuii

Ne Koappunnenrst Yacrora auckpe- | Ilpu-
BapH- bo b, b, ay a» thzanuu fy, kK[ | Meda-
aHra HHE

1 0.1 0 0 -0.2 0 500

2 0 1 -1 0.1 0.1 250

3 0.1 0 0.1 0.2 -0.3 200

4 1 0 -1 -0.2 -0.2 100

5 -0.2 0 0.2 -0.4 0.7 50

6 -0.5 0.5 0 0 0.3 40

7 -0.3 0 0 0.4 0 25

8 0 0.5 -0.5 0.5 -0.4 20

9 0.4 0 0 -0.6 0 10

10 0.4 0 0.4 1.0 0.5 5

11 0.5 0 -0.5 0.6 0.9 4

12 -0.4 -0.5 0 -0.2 -0.6 2.5

13 -0.6 0 -0.6 -0.8 0.3 2.0

14 0 -1 -1 15 0.7 1.0

15 -0.7 0 0 0.8 0 0.5

16 0.7 0 0.7 0.1 -0.8 0.4

8 0.4 0 0 -0.2 0.3 20

9 0 1 -1 0.5 0.1 10

10 0.1 0 0.5 0.6 -0.3 5

11 1 0 -1 -0.7 0.2 4

12 -0.2 0.2 0.2 0.4 -0.7 25

13 -0.5 0.5 0.2 0 -0.8 2.0

14 -0.3 0 -0.3 -0.4 0 1.0

15 0 0.5 -0.5 0.5 -0.4 0.5

16 0.4 -0.3 0 -0.6 0.7 0.4

CryneHTsI BEIONPAIOT HOMEp BapHaHTa B COOTBETCTBHH C HOMEPOM

(hamMmIMK B TPYIIIIOBOM KypHAJIE.
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ynpaBJIeHI/Ie AUCTAHIIMOHHOTO O6y‘{eHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

NMPUMEP AHAJIN3A
Ne Ba- KoaddrmmenTsr UYacrora nuckpe-| Ilpume-
puaHTa bo b, b, ar a, TH3auuMK fy, K[l daHMe
17 0.6 0 -0.6 -1.32 0.85 1000

Pemenue

1. CocraBisieM MepeaTOYHYIO (YHKITUIO

H2) = bo+bzt+bz?  06-062%
l+azt+a,z? 1-1.3227'+0.85272
22 -1

72 -1.322+0.85

2. Pa3HOCTHOE ypaBHEHHE OJHO3HAUHO OHIpelelsieTcs NepeaaTouHOH
¢dyHkmen
y, =0.6x, —0.6x,,_, +1.32y, ; —0.85y,_,-

3. CrpykTypa npuBe/ieHa Ha PUCYHKE 8.

Pucynox 8 — CtpykTypa ¢puiabTpa U pa3sHOCTHOE ypaBHEHHUE

4. OmnpenensieM 3Ha4eHUs HyJel W OIOCOB. [Iiist onpeiesieHus Hyien

peuiaeM ypaBHCHUEC YUCINUTEIIA Hepe):[aTO‘lHOﬁ (1)YHKIII/II/IZ
06-0622=0, 20, =+1.

I[J'If[ OIIPEAC/ICHHA TTOJIFOCOB pelIacM YPABHCHHUE 3HAMCEHATCIIA Iepeaa-
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praBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaﬂI/I(l)I/IKaLU/II/I

LUndposas obpaboTka curHanos

TouHOW (yHKIMHM. Tak Kak pa3HOCTH a12 — 4.3y =-1.658 OTpHIATEIbHA,

CJICOOBATCIIBPHO, ITIOJTFOCHI KOMHHCKCHO-COHP}DKGHHBICZ
2, =re"", r=,[a, =\/0.85=0.922, p=arccos(a, /2r)=2.37=135.7".

Kapta Hyzeii u momocoB rmoka3zaHa Ha puCyHKe 8.

Pucynox 9 — Kapra Hyne#t u moiarocoB

. * *
5. ®unbTp yCTOWYUB, IOCKOIBKY [ =‘Z . 2‘ <1

6. NmmynbcHast xapakTepucTuka. {1 pacdera MMIyJIbCHOM XapakTe-
PHCTHKH MOXXHO BOCHONB30BaThcs (opmynoit (3). dns ¢umstpa BTOpOro

nopska 3To Gopmyna TpaHCHOPMHUPYETCS B BBIPAKESHUSI

B sin((p*)
rb_bosin((p*)'
- .rsin(Z(p*)er sin((p*), 22)

sin(g)*) ' sing”

. sin((n —1)(/)*),
sin(qo*)

. sin(n(p*)
Sin(go*)

h, =byr" —- +hr" +hyr

rie r = [a, 1=0.922; ¢=arcos(_2—%j=0.773'
r

MO>HO TakXe HCIIOJIb30BaTh MEeM o0 NPAMOI ROOCIMAHOEKU B PA3HOC-

HOE ypaBHEHHE B COOTBETCTBHU ¢ Gopmyiamu (4) - (6). Pesysnbrarsl pacuera

25

n=2,3,...



LUndposas obpaboTka curHanos

ynp’dBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

UMITYJIbCHOW XapaKTEPUCTHKH (C TOYHOCTHIO 10 4-X 3HAKOB IOCIE 3aIisiToi)

MpUBEICHBI B Tabmuie 3 ¥ Ha pucynke 10.

CoBrnajicHie pe3yabTaTOB pacyera 10 Pa3sHOCTHOMY ypaBHEHHIO (4) -

(6) u popmynam (22) mis GUIBTpa BTOPOTO MOPSKA SBISCTCS MOATBEPXKIC-

HHEM NIPABUIIBHOCTH PacueTa NMITYIbCHON XapaKTEepUCTHUKH.

Tabmuua 3 — IMnynbcHast XapakTeprCTHKA

i 0] 1 2 3 4

5

6

7

8 9 |10

11

12

13

14

hi 10.6 0.7920.065;0.758/0.946{0.604

0.0070.552

0.684/0.459(0.024

0.358

0.493

0.347

0.038]

057

H(20);
X

- 0.5

Pucynox 10 — IMnynbcHas XapakTepHCTHKA

7. YacToTHast XapaKTepUCTHKA

H(jo) =

0.6 —0.6e721®

1-1.32¢71% 4+ 0.85¢ 122

8. AMIUINTYIHO-4aCTOTHAS XapaKTePUCTHUKA A((b)

1-1.32c0s @ +0.85c0520)° +(~1.32sin & +0.85sin 200’

A(@:J( (0.6 —0.6c0520)" +(0.65in20)

AUYX u ®UX 0T HOPMUPOBAHHOU YaCTOTHI () TIPEICTABIECHBI HA PH-

cyrke 10.
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YHpaBﬂeHI/Ie AUCTAHIIMOHHOTO o6yquI/m U NMOBbIIIEHU A KBaJH/ICl)I/IKaL[I/II/I

LUndposas obpaboTka curHanos

A() (@)
'“:A G I i
H : }
[\ N |
NG L
2

Pucynok 10 — I'papuku AUX 1 @YX (HopMHpOBaHHAsI 4aCTOTA ()
9. Bocnone3oBaBunch BbIpakeHneM f =@/27T,, CTPOMM rpaduku
AYX Ha uHTEpBaJIe YacTOT f ¢ [0, f d] (pucynok 11).

A(T) o(f)

3 41078 6x107° 8x107°

f,xln
Pucynok 11 — I'paduku AUX u @YX (yactora KoneOaHui f )

10. Pacuer 3nauennii AUX.
A@)=0s A(x)=0.3785, A(0.7729)=4.3147 -

11. HopmupoBka ¢unbTpa: q, =1/4.3147 =0.2318,

0.1391-0.1391772
H(Z) = -1 2
1-1.32771 +0.852

I[J'If[ HUCCIICAOBAHUA (1)I/IJ'IBTp0B PEKOMCHAYCTCS MCIOJb30BaTh MPOrpamM-

My MateMaTH4eckux Berunciaenuin Mathcad [3].
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ynp’dBJIeHI/Ie AUCTAHIIMOHHOTO O6y'{EHI/IH W NMOBbIIIEHHU A KBaJTI/ICl)I/IKaLU/II/I

LUndposas obpaboTka curHanos

KOHTPOJIbHbIE BOMNMPOCDI

1. Yro Ha3bIBacTCs MEpeaTOIHON HyHKIHEH?

2. Kak cBs3aHO pa3HOCTHOE YpaBHEHHE IHCKPETHOTO (WIIBTpa C €ro
nepeaaToyHon QyHKIuer?

3. 3ammmmre GOPMYIIHI I IEPEIATOYHBIX (PYHKINH OCHOBHBIX THIIOB
(uIBTPOB.

4. OxapakTepu3yiTe UMITYJIECHYIO XapakTepucTuky J®.

5. IlpexncraBbTe CTPYKTYPHI (GUIBTPOB NEPBOTO M BTOPOTO TOPSIKOB.

6. Uro moHMMAaeTCs MOJ] YACTOTHON XapaKTEPHCTHUKOW IAMCKPETHOTO
¢unbTpa?

7. Kak cBs3aHa nepenaTovHas (GYHKIHSA JUCKPETHOTO (GHIBTPA C €ro
YaCTOTHOM XapaKTEPUCTUKOMN?

8. Uro mormmaetcs nog AUX n @YX nuckperHoro ¢puipTpa?

9. HazoBute OCHOBHEIEC CBOMCTBA YaCTOTHOH XapakTepucTuku [d.

10.Kakoe orpaHuueHHE HaKJIaJbIBACT CBOIMCTBO MEPHOAWYHOCTH 4Ya-
CTOTHOH XapaktepucTuku [Id Ha criekTp BXOAHOTO cUrHana?

11. Maiite moustue ycroitunoctu P.

12.TlpuBeaure kpurepun ycroiunBoctu Jd.

13. Kakoe noso’xeHne Ha KOMIUIEKCHOH Z-TIIIOCKOCTH 3aHHUMAIOT HOJIIO-
CBI YyCTOWYHBHIX (HeyCTOHUUBHIX) [D?

14.Kakue orpaHuueHHs HaKJaJblBacT TPeOOBaHWE YCTOMYMBOCTH Ha
KO3 PHUIUESHTHI TepeIaTOYHOH QYHKIMA GIIBTpa 1-TO U 2-TOMOPSAKOB.

15.Kak mepexoasT 0T HEHOPMHPOBAHHON YaCTOThI K HOPMHPOBAHHOM U

obpaTtHO?
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